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As in other parts of the world, there are
serious public health problems associated
with hazardous waste in the countries of
Central and Eastern Europe. However, the
issue has received effectively no attention
until the collapse of the Communist gov-
ernments in very recent years. The emerg-
ing nations of this region are now strug-
gling to deal with remediation ofhazardous
wastes left over from the previous era, and
develop hazardous waste management pro-
cedures and regulations for the future. This
is clearly complicated by the enormous
challenges associated with economic and
political restructuring, where for some
countries simply providing basic services is
difficult.
The countries of this region differ con-
siderably in population, size, economic sta-
tus, and efforts to date to deal specifically
with hazardous wastes (Table 1). The total
populations in many of these countries is
much less than those in the larger states of
the United States, but each countryjealous-
ly guards their prerogative to define and
implement procedures independently. Most
nations in this region are signatories ofthe
Basel Convention, a United Nations pro-
gram designed to prevent transporting and
dumping of hazardous wastes from one
country (usually developed) into others
(usually less developed) (1). However, many
of the countries of Central and Eastern
Europe do not even have the same defini-
tion of what constitutes hazardous wastes
and there are fewcoordinated efforts to deal
with the issue.
On 1-7 October 1994, a meeting,
Hazardous Wastes-Exposure, Remediation
and Policy, sponsored byNIEHS, theWorld
Health Organization (WHO), the
University at Albany, SUNY, and the
National Institute of Public Health of the
Czech Republic, was held in Prague. The
purpose ofthis meetingwas to bringtogeth-
er representatives of the governments of
seven countries in this region (Ukraine,
Poland, Czech Republic, Slovak Republic,
Hungary, Romania, and Bulgaria) with a
few scientists from the United States and
Western Europe and representatives of
international organizations, to explore prob-
lems regarding hazardous wastes in these
countries, aswell as policies for dealingwith
the problems. The meeting was organized
with the hope that discussions among the
policy makers in the various countries
would facilitate regional cooperation in
dealing with the issues relating to hazardous
wastes in the context ofthe economic and
social realities that exist here. The general
sessions focused on formal presentations
from each of the participating countries
from the region describing problems related
to hazardous wastes, exposure assessment,
risk reduction, and risk communication
strategies. The proceedings ofthis meeting
have been published in the Central
EuropeanJournalofPublicHealth (2).
Hazardous wastes are a major problem
in this part of the world. A brochure pre-
pared by the Department of Waste
Management of the Ministry of
Environment and Regional Policy of
Hungary (3) listed the total quantity of
hazardous wastes generated by that country
in 1991. The greatest waste generator in all
ofEurope in that year was Czechoslovakia,
with some 11 billion tons, followed by
Germany with 6 billion and Hungary with
4 billion tons.
In Eastern and Central Europe, as else-
where, risk from hazardous wastes can be
characterized as falling into four primary
areas (4): 1) direct physical injury from
explosions and injury in handling wastes; 2)
pathogenic infection from sewage sludge
and hospital wastes. Hospital wastes are a
very major concern in most of these coun-
tries, few ofwhich use incineration exten-
sively. In some countries the problems relat-
ed to pathogenic infection are compounded
by inadequate sanitary programs related to
both municipal garbage and hazardous
wastes, which promote spread of infection
via flies, cockroaches, and rats; 3) direct
chemical poisoning leading to organ dys-
function; and 4) reproductive, neurobehav-
ioral, and genetic disorders resulting from
chronic exposure to hazardous chemicals
from waste sites. Unfortunately, there have
been few attempts to evaluate by epidemio-
logical techniques the impact of hazardous
wastes on the local population in this part
ofthe world.
The problems in this region are com-
pounded by other factors. Often hazardous
wastes sites are improperly constructed,
and, in fact, often hazardous wastes and
municipal wastes are mixed without special
concerns. To date, almost all wastes were
disposed ofby landfills and usually without
any special preparation or consideration of
containment. Incineration has not been
widely used and even when it has, often the
appropriate air pollution controls have not
been utilized. There are many old aban-
doned waste sites, including a large number
of military sites. The issue of military sites
was not dealt with specifically at this meet-
ing, but there is considerable concern and
lack ofknowledge ofthe nature ofthe haz-
ardous substances on these sites. For many
of these old sites, military or otherwise,
there is little documentation of the wastes
present. Finally, there is little social pressure
for attention to the problem. This was par-
ticularly true for the former political
regimes, but remains true to the present in
manyofthe poorer ofthese countries (4).
While there are enormous problems in
Eastern and Central European nations, a
WHO representative noted that some
Central Asian Republics have absolutely no
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hazardous waste treatment facilities (4). All
of the countries in Central and Eastern
Europe have at least some hazardous waste
treatment facilities, although they vary
from relatively advanced in Poland,
Hungary, the Czech and the Slovak
Republics, to poor in the Ukraine,
Romania, and Bulgaria. Another difficulty
in comparing policies in the various coun-
tries is that they do not all define hazardous
waste in the same fashion. For example,
both Hungary and Poland have individual-
ized classification systems. The WHO
encourages using the Delphi system ofclas-
sification of hazardous wastes, which is
used throughout most of the Western
world. Uniformity of classification would
help considerably to promote regional
cooperation.
Many ofthese countries have difficulty
enforcing waste laws, and years of neglect
and accumulation pose problems that will
be very expensive to solve. With the
economies of many of these countries
under enormous stress, it is clear that
expensive, high-tech solutions for cleanup
are unrealistic. Therefore, it is important
that relatively inexpensive ways be found to
deal with old accumulations and that waste
minimization strategies be developed to
decrease the volume and toxicity ofwastes
generated in the future.
The ways in which hazardous wastes
are dealt with vary greatly in this region.
Until relatively recently, most wastes were
disposed ofin landfills. While incineration
is increasingly used, especially in the more
developed countries, disposal in landfills is
still the rule.
Bulgaria. Bulgaria has severe problems
of environmental contamination (5). The
metal working facilities in the country have
contributed to extreme soil pollution with
metals, to the degree that some lands are
not of use even for agricultural purposes
and some rivers are effectively "dead" with
water unsuitable for irrigation.
Accumulation of lead, copper, zinc, and
cadmium in human blood, urine, hair,
nails, and teeth has been documented in
several industrial areas. There is also serious
air and water pollution as a result of the
mining activities and water contamination
from pesticides. There have been reports
that on average 400 g of hazardous sub-
stances emitted from industrial processes
are inhaled each year by each person in
Bulgaria (6). Hospital wastes are a major
concern and incineration ofhospital wastes
is a major source ofairpollution. Only one
military hospital in Sofia has a modern
incinerator. The former government was
dearly the most serious polluter and there
was little enforcement ofeven the lax regu-
Table 1. Comparison of Eastern and Central European countries bysize and harzardouswastetypes
Country Population (million) Area (km2) Majorproblems
Bulgaria 8.8 109,708 Metals, hospital wastes
Czech Republic 10.4 77,949 Metals, PCBs
Hungary 10.3 91,952 Industrial chemicals, metals
Poland 38.6 309,061 Industrial chemicals
Romania 23.2 234,749 Municipal and hospitalwastes
Slovakia 5.4 48,468 Metals
Ukraine 51.8 596,736 Radioactive and industrial wastes
lations designed to protect the environ-
ment. A new constitution established in
1991 makes environmental protection a
state policy. Discussions are underway on a
proposal to create a centralized system for
collection, transport, and treatment ofhaz-
ardous wastes, but implementation ofsuch
aplan has not yet begun.
CzechRepublic. In the Czech Republic,
the coal and uranium mines are thegreatest
problems at present (7). Acid extraction is
used for uranium mining and this poses
serious pollution. Up to 60% of solid
industrial waste containing heavy metals is
disposed of in open dumps without pre-
treatment (4). There are at least 150 for-
mer military sites with major contamina-
tion by petroleum products. At some sites
there is a hydrocarbon layer 1 m thick over
the water table, with hydrocarbon concen-
trations in the soil as high as 10-100 g/kg
(8). There have been major air pollution
problems, but recent progress evidences a
reduction of air pollution, both of toxic
gases and particulates, which are down by
over 20% as compared to 1989. Most
wastes are composted. The primary prob-
lem at present is dealing with wastes that,
until recently, were handled and disposed
ofillegally. There are also the problems of
outdated equipment and of inadequately
trained staff. New environmental laws were
established in 1991-1992, and major
progress is being made in reducing new
sources of contamination with hazardous
wastes. However, the problem ofthe legacy
of former periods of time will take more
time to resolve. Incineration is common in
the Czech Republic, with the first incinera-
tor built in 1911 and over 40 incinerators
in operation. Furthermore, the new laws
have resulted in better construction of
landfills. As of early 1994, 122 landfills
were in operation that meet contemporary
standards, but there remain between 5000
and 7000 thousand that do not.
Hungary. In Hungary the worst pollu-
tion comes from open cast mines, the alu-
minum industry, lignite-based power
plants, and chemical factories. In addition,
there are over 300 former military bases
heavily contaminated with organics and
metals. Hungary has one specific landfill
and one specific incinerator for hazardous
wastes (9). The country has issued a series
of orders making owners responsible for
wastes.
Poland Poland is a large country and
the hazardous waste problems vary in dif-
ferent parts ofthe country (10). Silesia, in
particular, has severe air, water, and soil
contamination resulting from industry and
mining. There are at least 1245 hazardous
waste storage sites containing an estimated
400 million tons of hazardous wastes. As
with other countries in the region, there are
a series ofnew environmental laws and reg-
ulations.
Romania. Romania suffers from great
problems with industrial wastes. Of 1900
wastedeposits, only 10% abide by the prop-
er technical provisions (8). Industrial facili-
ties have resulted in extreme contamination
in several metropolitan areas. About halfof
the population ofRomania live more or less
in thevicinityofwaste sites thatdo not con-
form to contemporary health standards
(11). Landfills frequently burn and the
smoke as well as the smell are problems.
There is little effort to separate hazardous
from municipal wastes in Romania and
even disposal ofmunicipal wastes is inade-
quate in manycommunities.
Slovak Republic. In the Slovak
Republic, like the Czech Republic, there is
serious environmental damage caused by
heavy metal industries that are widespread.
In the past, most hazardous wastes were
deposited in landfills without any special
considerations or precautions, and the
result has been migration from these sites
(12). Like other countries in the region, a
series of new laws designed to better con-
trol hazardous waste production and han-
dling were passed in the early 1990s.
Ambitious goals have been established,
including a 20% reduction in hazardous
waste production by the year 2000, and a
goal of having 50% of municipal waste
contained in landfills conforming to con-
temporary standards. At present, there are
7204 landfills in the Slovak Republic, but
only 335 conform to standards. While 128
ofthese landfills are designed for hazardous
wastes, many contain a mixture ofwastes,
including hazardous wastes. Similarly,
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there are 70 incinerators in operation,
induding 34 for hospital wastes. However,
a number ofthese plants have no pollution
controls.
Ukraine. The Ukraine was the only for-
mer Soviet state represented and has partic-
ular problems relating to environmental
health (13,14). Without question
Chernobyl dominates all Ukrainian con-
cerns regarding the environment. Although
radiation was not a specific subject of this
meeting, it is clear that Chernobyl was
enormously harmful to both physical and
psychological health. However, beyond
Chernobyl, the Ukraine is a very highly
industrialized country, with urban air pol-
lution being a major problem. In the
Ukraine, life expectancy has recently
decreased due to increased cancer, cardio-
vascular disease, and infant mortality, and
2.5% of newborns show birth defects.
These facts indicate the magnitude of the
public health problems in the Ukraine.
Diet, smoking, and Chernobyl contribute,
along with hazardous wastes, in the general
recent reduction in population health (15).
Against these issues, hazardous wastes
get relatively little attention. The Ukraine
is reported to have over 2000 industries
known to produce hazardous wastes, the
great majority ofwhich come from metal-
lurgical industries. As in several of the
other countries, municipal and hazardous
wastes are rarely separated and often are
dumped at sites improperly prepared and
contained, leading to contamination of
both surface and ground water (15). Every
year nearly 1 million tons ofwaste are pro-
duced and stored. At present there are at
least 15 million tons ofwaste, ofwhich 1-
2% is highly toxic. There is one site for
burial of hazardous wastes in the Ukraine,
Zholtye Vody, monitored by a group of
specialists who provide advice to the rest of
the country on issues of hazardous waste.
However, there is no government agency at
present that inventories and regulates haz-
ardous waste, and there is, in fact, little dis-
tinction between hazardous and other solid
waste (15).
As in other countries, clearly distin-
guishing hazardous from other wastes is a
priority and regulations for its transport
and management are critical. Clearly it is
important that priorities be set on the basis
of human health effects and that inexpen-
sive ways be found to protect human
health during this period of economic cri-
sis. However, it is clear that resolution of
the heritage ofneglect of the problem will
be expensive in the long term. The World
Bank has recommended that the govern-
ment implement a variety oflow-cost, pas-
sive measures at landfills, induding use of
lignite liners to dean hazardous chemicals
geochemically from seepage, compaction of
dump surfaces to minimize infiltration,
water diversion around waste dumps,
leachate collection, and treatment and
monitoring ofgroundwater around dispos-
al facilities. These seem very reasonable and
realistic steps to be taken in the Ukraine
and in the other countries.
General Problems
Metals. Metals are an enormous and widely
recognized problem in all the countries of
this region, secondary to the many mining
and metallurgy industries and the lack of
concern and controls in the past. Uranium
mining, a major industry in this region, in
particular results in large quantities ofelec-
troplating sludges containing large quanti-
ties of a variety of metals, many of which
are highly toxic. A variety of other mining
industries also contribute to metal contam-
ination. There have been some local studies
documenting metal contamination in
human populations, especially for lead and
cadmium, but most of these studies have
documented body burden rather than
determining a health-related outcome.
Persistent organics. The human health
problem of persistent organics receives
much attention in the West. This issue is
not perceived to be a major issue in most of
Eastern and Central Europe, perhaps
because the issue is secondary to other
issues, such as metals and hospital wastes.
The issue of organics, in general, is widely
believed to be primarily one ofabandoned
military bases, while those truly persistent
organics like dioxins and polychlorinated
biphenyls are attributed more to atmos-
pheric, worldwide transport than to local
point sources. There have not been signifi-
cant studies of human health effects from
this dass ofcompounds in the region.
Hospital wastes. It may be somewhat
surprising to Americans that so much con-
cern is expressed regarding hospital wastes.
This problem gets little attention in the
United States unless standard procedures
for disposal are circumvented and an envi-
ronmental threat is publicized. However,
this is obviously a serious problem in the
countries of this region. A detailed discus-
sion ofhow hospital wastes are handled in
Austria was held and the Austrian stan-
dards for medical waste were detailed.
Central to these standards is the principal
ofseparating hospital wastes into four cate-
gories which are handled differently: 1)
most medical wastes can be treated like
domestic waste and should be handled as
such. It is important that this indude recy-
cling as much as possible, but the ultimate
site is either incineration or landfill; 2)
some medical waste may constitute an
internal hazard for infection in the hospi-
tal, but does not need to be considered haz-
ardous. This includes casts, gloves and
other clothing, diapers, syringes, and sharp
objects, such as needles. This category
needs to be treated so as not to cause infec-
tion or injury in the hospital, but can be
disposed in usual ways; 3) medical waste
which constitutes a hazard both inside and
outside ofthe hospital and requires special
treatment. This includes items contaminat-
ed with hazardous pathogens, body parts,
and animal carcasses. In Austria, specific
pathogens are identified as fitting this cate-
gory and treated by disinfection and incin-
eration; and, 4) other hazardous wastes that
contain metals, radioactivity, chemicals,
disinfectants, and fixatives must be separat-
ed and dealtwith individually.
The Austrian group (16) recommends
that infection be carefully avoided in the
hospital setting and that injury and infec-
tion from sharp objects be prevented.
However, most medical waste can be treat-
ed as any other waste. The exceptions are
liquid wastes such as blood and urine, and
hazardous chemicals, all ofwhich must be
considered to be hazardous wastes.
Disinfection within the medical center
should be restricted to wastes from micro-
biological laboratories. All participants
agreed that waste minimization and recy-
cling were important factors to consider in
the hospital waste arena, as elsewhere.
Risk Communication
There are serious problems ofrisk commu-
nication in all countries ofthis region. To a
degree, this is a particular result of persis-
tent general distrust of all government
institutions (national and local councils,
hygienic services). This distrust comes from
the abuses of the old regimes, which have
prohibited the publication of hazardous
waste data, including information on toxic-
ity and environmental contamination. This
should be overcome as soon as possible.
However, the lack of experience in direct
communication with the public is one of
many barriers to implementing effective
risk communication.
Research Needs
By identifying the data gaps in the study of
hazardous wastes in Central and Eastern
Europe, certain research needs became
apparent. First, reliable biological markers
from chemically induced effects must be
selected and specified because ofthe lack of
reliable baseline epidemiological data, par-
ticularly in Poland and the Czech
Republic. In order to identify environmen-
tal health problems in the region, the base-
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line incidence of disease must be deter-
mined. Health registries have recently been
established in some ofthe countries in the
region, but there are apparently no imme-
diate plans to establish such registries in
other countries. The development of bio-
logical monitors for chemical exposure and
for chemically induced disease would be
particularly useful in identifying hazardous
waste problems in the entire region.
Furthermore, to be most beneficial moni-
tors of exposure would require that such
monitoring take place transregionally.
Second, the influence of nutrition and
underlying disease on chemical toxicity
should be investigated. The Central and
Eastern European region is primarilypopu-
lated by a substantially lower socioeconom-
ic class, which is often linked to higher
incidence of nutritional deficiencies and
more frequent exposure to infectious dis-
eases. Unfortunately, this exposed popula-
tion also includes a disproportionately high
number ofchildren. These populations are
at particular risk from exposure to haz-
ardous waste. This combination ofrisk fac-
tors has not been adequately addressed in
research studies.
Third, a few well-designed studies with
apiori hypotheses have shown excesses of
birth defects (17, low birth-weight chil-
dren (18), liver damage (19), skin rashes,
mood disorders, narcotic symptoms, and
respiratory problems (20) in populations
around certain hazardous waste sites.
However, few, ifany, well-designed studies
have been performed on populations in
Central and Eastern Europe. Environ-
mental epidemiological studies are needed
to further determine the extent ofexposure
and to devise methods to modulate and
remediate such exposures.
Finally, research in environmental data
analysis is needed to obtain maximal bene-
fit from the data being generated within
the region. In response to alackofenviron-
mental data, several countries have estab-
lished programs to analyze chemicals in air,
water, and soil. Such data have begun to
come online, but there appears to be no
comprehensive plan to analyze that data for
trends, source ofhazardous waste, or pro-
files ofchemical waste. This dilemma may
partially reflect the multiple sources of
these data, but also may be due to lack of
techniques to analyze these data effectively.
Thus, it is apparent that more well-tar-
geted research is needed aimed at evaluat-
ing health impact of various wastes and
waste treatment processes, improving the
data base, and refining the extrapolation
methodologies uponwhich riskassessments
are founded. The ultimate goal of such
health investigations is to generate accurate
and effective information that helps deter-
mine whether, and what type of, interven-
tion, prevention, and remediation actions
are necessary.
Conclusions
There is little question that hazardous
waste issues are a major problem in Central
and Eastern Europe. The issue is the degree
to which the fragile economies in this
region can deal with both the costs of
deanup of past misdeeds and can develop
appropriate standards for contemporary
hazardous waste production. Recognizing
that the economic state ofall ofthe coun-
tries in this region is such that optimal
action is not realistic, several specific action
steps were identified: 1) it is essential that
hazardous waste be identified and separated
from municipal and other wastes so that it
can be appropriately treated; 2) it is advis-
able that all the countries of this region
accept international standards for what
constitutes hazardous wastes, rather than
using an individualized classification sys-
tem; 3) recycling and waste minimization
are important in dealing with all waste
issues, and these are particularly important
with hazardous wastes; and, 4) it is not rea-
sonable to expect costly solutions to the
problems of hazardous wastes in these
countries in the immediate future.
Inexpensive ways must be found to prevent
hazardous wastes from affecting human
health.
Much more is needed in terms ofstudy
ofhuman health effects ofhazardous waste
specific to this region. Most studies on
human health from hazardous wastes have
come from NorthAmerica (21,24. Cancer
is an appropriate concern, and certain can-
cers have been reported to be elevated in
individuals living near hazardous waste
sites (23,24). Immune dysfunction, either
immunostimulation resulting in allergies
and rashes due to exposure to many metals
and solvents, or immunosuppresion due to
exposure to pesticides, PCBs, and PAHs
are likely effects from exposure to haz-
ardous wastes (20,25,26). Disruption of
normal immune function may lead to sec-
ondary diseases, such as autoimmunity or
cancers and increased susceptibility to
infection. It is likely that children are par-
ticularly vulnerable to harm from haz-
ardous wastes. While there is some evi-
dence for an increase in congenital malfor-
mations in children living near hazardous
waste sites (17), neurobehavioral dysfunc-
tion in children with developing nervous
systems may ultimately prove to be an
equally important form of human disease
resulting from exposure to hazardous
wastes (27-30). Investigations of human
populations in Central and Eastern Europe
are necessary ifthe governments and popu-
lous are to appreciate the degree to which
these substances mayaffect health.
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ronmental sciences or an M.D., M.P.H. with board Science Center at San Antonio may be obtained
certification in preventive medicine; demonstrated through the Internet at the following address:
competence and experience in teaching environmen- http://utsph.sph.uth.tmc.edul
tal and occupational health at the graduate level; and
evidence of scholarly achievement as indicated by The University of Texas is an Equal Opportunity
research projects and publications. Experience in the Employer. Minorities and women are particularly
development and administration of environmental encouraged to apply. The start date is flexible;
health programs at the community or state level is review of applications will begin immediately and
preferred. Responsibilities will include teaching, continue until a suitable candidate is selected.
To apply: Send your curriculumvitae to:
George L. Delelos, M.D., M.P.H., Search Committee Chair, School ofPublic Health,
The University ofTexas-Houston, Health Science Center, PO Box 20186, Houston, Texas 77225
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